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CHAPTER I 
INTRODUCTION 
Wind in Great Falls, Montana 
The amount of wind in different localities of the United States 
varies greatly, with some areas being more windy than others. Even 
within the windy localities, the wind doesn't blow at a constant veloc­
ity throughout the day. Wind patterns for a given area can be analyzed 
in many different ways. This paper analyzes wind patterns in Great 
Falls, Montana in relation to commercial wind power generators and 
their subsequent production of electricity. The purpose of this paper 
is to design a valid computer simulation model of wind patterns in 
Great Falls, Montana. This model may be used to determine the true 
wind energy production potential for the area. 
Prior to making a detailed analysis of the wind in Great Falls, 
Montana an intuitive analysis was accomplished. This analysis was 
accomplished to see if any general patterns existed in the wind. 
Since some months are more windy than others, a monthly analysis was 
accomplished to show how windy a given month was in relation to the 
other months. 
When the wind blows, it does so for varying lengths of time from 
a windy period of only an hour to periods as long as 200 hours. A fre­
quency distribution was computed for these windy stretches (or wind runs) 
1 
2 
to describe this pattern. The windless stretches (or no-wind runs) also 
have varying lengths from one hour up to fifty hours or more. A fre­
quency distribution of no-wind runs was also developed to further de­
scribe the calm periods. 
Within the windy stretches, the wind blows at varying velocities, 
with each velocity having a determinable frequency. Velocities occur 
from one mile-per-hour to forty miles-per-hour or more. After this last 
intuitive breakdown was accomplished, a detailed analysis of actual wind 
data was undertaken. 
The wind data to be analyzed was taken from records supplied by 
the National Oceanic and Atmospheric Administration. The wind readings 
were recorded hourly by the weather service at Great Falls International 
Airport between January 1, 1969 and December 31, 1974. The data base of 
52,560 wind readings was prepared on a computer used in the Minuteman 
Education Program at Malmstrom Air Force Base. This Digital Equipment 
Corporation PDF 11 computer was then used to make a detailed analysis 
of the wind velocity data base to determine if any patterns existed. 
The data base was analyzed by the computer to determine the 
probabilities of wind versus no-wind, windy stretches, windless stretches, 
and the distribution of velocities within the windy stretches. 
Since this analysis was done with regard to wind generators, the 
data base had to be analyzed to define the velocities as either energy 
producing or non-energy producing. The raw wind data was analyzed using 
the definition of an energy producing velocity as seven miles-per-hour 
or more. In other words, wind velocities greater than or equal to seven 
miles-per-hour represented a windy state and those velocities less than 
seven miles-per-hour represented a calm state. This minimum velocity 
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where a generator can produce power was defined as a zero wind veloc­
ity. 
During the data analysis process, the data were manipulated by 
five different programs. Data were analyzed by month with all six 
Januarys in the data base being analyzed together to form one distri­
bution and all six Februarys being.analyzed together to form another 
distribution, etc. Each of the five data manipulation programs anal­
yzed a different facet of the wind and computed, by month, either fre­
quency distributions or cumulative probability distributions as selected 
by the operator. 
The first data manipulation program calculated the probability 
of no-wind for each month based upon the zero wind definition. The 
computer then stored the twelve monthly probabilities of no-wind in a 
data file. The complete results are shown in Table 1. 
TABLE 1 
PROBABILITY OF NO-WIND 
Month Probability 
January .2715 
February .2565 
March .2021 
April .1963 
May .2596 
June .2588 
July .3163 
August .3457 
September .259 
October .2077 
November .2160 
December .199 
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The month of April was the most windy; calm periods were exper­
ienced only 19.63 percent of the time. December was second with calm 
periods experienced 19.9 percent of the time. The least windy months 
were July and August with calm periods 31.63 percent and 34.57 percent 
of the time, respectively. It is interesting to note that January was 
also one of the calmer months. This is probably due to the large number 
of arctic cold fronts that settle into the state during the month of 
January and remain for extended periods of time. 
The second data manipulation program computed, by month, the 
cumulative probability of no-wind runs and stored the resulting distri­
bution in data files. A no-wind run would be a period of time where 
the wind velocity remained lower than the zero wind definition. Table 2 
illustrates the concept of a no-wind run. If the zero wind definition 
is set equal to seven miles-per-hour, then hours 22 through 23 constitute 
a no-wind run of two hours duration and hour 32 represents a no-wind run 
of one hour duration. 
Probability distributions of no-wind runs were computed for all 
twelve months. These distributions described the conditional probabil­
ity of a calm period of a given length, given a wind velocity of less 
than seven miles-per-hour. The longest windless stretch occurred in 
February with a 98 hour duration. 
As an example, in April, the most windy month, the probability 
that a calm period will last one hour in duration is .527 (See Table 3). 
The probability that a calm period will last five hours or less is .899 
indicating that the probability of a calm period of more than five hours 
in length is only .101. Probability distributions for the remaining 
months were interpreted in a similar manner. 
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TABLE 2 
EXAMPLE OF RAW WIND DATA FROM 1971 
Hour Number Velocity Length of Run 
22 
23 
5 
6 
2 Hours 
24 10 
25 7 
26  9 
27 
28  
10 
8 
8 Hours 
29 8 
30 7 
31 8 
32 6 1 Hour 
33 8 
34 
35 
9 
10 
4 Hours 
36 11 
TABLE 3 
CUMULATIVE PROBABILITY OF NO-WIND RUNS 
Run Length Probability 
1 Hour .527 
2 Hours . 722  
3 Hours .825 
4 Hours .855 
5 Hours .899 
6 Hours .911 
7 Hours .929 
8 Hours .95 
9 Hours . 959  
10 Hours .968 
11 Hours . 973  
12 Hours .985 
13 Hours .991 
14 Hours .997 
15 Hours 1.0 
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The third data manipulation program computed, by month, the 
cumulative probability of wind runs and stored these results in data 
files. Wind runs were discovered to last for considerably longer per­
iods of time than calm periods. While the longest no-wind run was 98 
hours long, the longest wind run was 226 hours long. 
A wind run was defined as a period of time during which the 
wind velocity remained above the zero wind definition. Table 2 also 
shows examples of wind runs. With a seven mile-per-hour zero wind, 
definition, the stretches of time between hours twenty-four and thirty-
one and hours thirty-three and thirty-six represent wind runs of eight 
hours length and four hours length respectively. 
The complete probability distributions of wind runs for all 
twelve months were stored in computer files. The probability distri­
butions for these wind runs were interpreted in the same manner as those 
describing no-wind runs. Table 4 summarizes the results of wind runs in 
February, for example. The probability that a windy period will last 
ten hours or less is .714; the probability that it will last more than 
ten hours is .286. The longest windy run in February during the past 
six years was 134 hours long. 
The fourth data manipulation program computed, by month, the 
cumulative probability of velocities within wind runs. The program 
begins with the velocity that equals the zero wind definition and pro­
gresses through the largest recorded velocity of the month. 
The initial velocity data manipulation program analyzed all 
velocities within wind runs and did not consider the length of the wind 
run within which that velocity occurred. This was based upon the assump­
tion that the velocity pattern within all lengths of wind runs were 
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TABLE 4 
CUMULATIVE PROBABILITY OF WIND RUNS 
Run Length Probability 
4 Hours .542 
6 Hours .621 
8 Hours .67 
10 Hours .714 
12 Hours .727 
14 Hours .745 
16 Hours .775 
18 Hours .806 
20 Hours .828 
30 Hours .89 
40 Hours .908 
50 Hours .921 
70 Hours .952 
90 Hours .982 
110 Hours .987 
130 Hours 1.0 
identical. As will be discussed later, this analysis led to an improper 
simulation of the lower wind velocities. This in turn implied that fur­
ther data analysis and wind pattern breakdown were required. 
A visual inspection of some actual wind data showed that a direct 
relationship existed between the length of the wind runs and the types 
of velocities which occurred within the runs. This relationship led to 
the next breakdown. The wind runs were divided into two groups: (1) 
those runs of length greater than twenty-five hours, and (2) those runs 
of length less than or equal to twenty-five hours. The velocities within 
a given run were then analyzed based upon the run length grouping assoc­
iated with a particular wind run. One program analyzed one grouping and 
another program analyzed the second grouping. 
Due to the aforementioned problem, the fourth data manipulation 
program was revised. The program was revised to analyze the wind velocities 
within runs greater than twenty-five hours in duration, and to discard 
any velocity within a run of twenty-four hours or less in duration. The 
program computed a frequency distribution and cumulative probability 
distribution of velocities within all wind runs that are greater than 
twenty-five hours duration. This analysis was based upon the assumption 
that the velocity patterns within the longer wind runs are not directly 
affected by the length of a given run. 
The complete probability distributions of wind velocities for 
all twelve months were developed and stored in computer files. The 
following example, taken from the month of January, is given as further 
explanation of the use of these distributions (See Table 5). 
TABLE 5 
CUMULATIVE PROBABILITY OF VELOCITIES WITHIN RUNS 
OF LENGTH 26-240 FOR THE MONTH OF JANUARY 
Velocity Probability 
8 mph -059 
10 mph .155 
12 mph .255 
14 mph .367 
16 mph .478 
18 mph .592 
20 mph .687 
22 mph .757 
24 mph .831 
26 mph .886 
28 mph .93 
30 mph .959 
35 mph .986 
40 mph .997 
45 mph 1.0 
During the month of January, 5.9 percent of the velocities which 
occurred during windy periods of more than twenty-five hours duration 
were eight miles-per-hour, 15.5 percent were ten miles-per-hour or less. 
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etc. The remainder of the data file is interpreted in the same manner. 
The highest velocity in January was forty-five miles-per-hour. 
velocities within wind runs of twenty-five hours duration or less. 
Specifically, this program computed a frequency distribution and cumula­
tive probability distribution, for velocities within each wind run of 
length one hour through twenty-five hours. This program was designed 
to disregard any velocity which occurred within a wind run of greater 
than twenty-five hours. 
wind runs of length one through twenty-five hours for all twelve months 
were stored in computer files. Inspection of these data files revealed 
that there is a direct relationship between the possible velocities and 
the length of the wind runs. In January, for example, the highest 
velocity which occurred during a one-hour wind run was ten miles-per-
hour and 98.5 percent of all velocities were less than or equal to nine 
miles-per-hour. (See Table 6.) A total of 93.9 percent of all veloc­
ities were less than or equal to eight miles-per-hour and 57.58 percent 
were exactly equal to seven miles-per-hour. As the length of the wind 
runs increased, wind velocities also increased. The remainder of the 
files were interpreted in a similar manner. 
The fifth and final data manipulation program analyzed those 
The complete probability distributions of velocities within 
TABLE 6 
CUMULATIVE PROBABILITY OF VELOCITIES WITHIN 
RUNS OF LENGTH 1 DURING JANUARY 
Velocity Probability 
7 mph 
8 mph 
9 mph 
10 mph 
.5758 
.9394 
. 9849  
1.0 
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Previous Related Research 
An earlier version of this wind model was conceived and 
developed by Jeffrey Brandt, Richard Householder, and Wayne Spenst as 
partial requirements for a BA 691 seminar on simulation, and in support 
of a M.B.A. professional paper on the economic feasibility of wind gen-
1 
erators, which was prepared by John K. Bammesberger. Many of the recom­
mendations as to system design came from John Bammesberger. 
The purpose of the original model was to analyze the feasibility 
of wind generators with respect to the amount of power produced. This 
was undertaken in order to learn if a wind generator was capable of pro­
ducing power in sufficient quantities to supply the typical customer's 
electrical demands. This first model simulated electrical production, 
consumption, and storage by means of wind-driven electrical generators. 
A wind generator, as the name implies, is powered by wind which 
turns a propeller turning a generator to produce power. The computer 
model developed earlier simulated wind velocities based upon the afore­
mentioned wind analysis. The velocities were then coupled with generator 
system specifications to simulate hourly power production. This pro­
duction was then matched with hourly consumption and battery storage, 
and when consumption exceeded production and battery storage, a "power­
less" condition resulted. The final output of the model consisted of a 
listing of powerless hours and excess power produced. 
John K. Bammesberger, "Domestic-Scale Wind Power For Central 
Montana: Is It Economically Feasible?" (M.B.A. Professional Paper, 
University of Montana, 1976), pp. 19-23. 
11 
In an effort to verify this model, another program was written 
which used the same type of power production system, but which used the 
actual wind velocities recorded over the past six years. When run, this 
program computed far more powerless hours than the original simulation 
model. 
Further analysis of the results revealed that the model was 
simulating velocities within wind runs in the following manner; hour 
one—five miles-per-hour; hour two-forty-five miles-per-hour; and hour 
three—five miles-per-hour, etc. The problem occurred often during the 
shorter wind runs but did not occur in the actual data. The realization 
of the cause of the problem led to the change in the velocity data manip­
ulation program that was discussed earlier in this paper. That change 
was designed to take into account the length of the wind runs as well 
as velocities. 
Since the simulation model as initially formulated was not valid, 
the actual wind verification model was used by John Bammesberger in his 
economic feasibility study rather than the simulation model. Further 
model development was begun in an attempt to make the wind model simulate 
valid wind patterns. The process of improving the model and the result­
ing outcome is the subject of this paper. 
CHAPTER II 
WIND SIMULATION MODEL 
Basic Concepts of Simulation 
Simulation is a technique of modeling a business or economic 
system for the purpose of experimentation. Specifically, simulation 
is a numerical technique for performing experiments upon various types 
of mathematical or logical models describing the behavior of a system 
over time.^ 
"Simulation provides a means of dividing the model-building job 
into smaller component parts . . . and then combining these parts in 
their natural order and allowing the computer to present the effect of 
their interaction on each other." If the process is repeated for numer­
ous alternative design configurations, then the best alternatives can 
2 
be selected by comparing each configuration's performance. 
The model's component parts should be those elements or processes 
that make up the real system, and should be expressible in arithmetic or 
Thomas H. Nalor, Joseph L. Balintfy, Donald S. Burdick, and 
Kong Chu, Computer Simulation Techniques, (New York: John Wiley and Sons, 
Inc., 1966), pp. 2-3. 
2 
Fredrick S. Hillier and Gerald J. Lieberman, Operations Research, 
2nd ed., (San Francisco: Holden-Day, Inc., 1974), p. 621, 
12 
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logical terms. A valid simulation model will explain and predict the 
3 
dynamic properties of the real system. 
To develop a simulation model, one must reduce the real system 
to a set of components many of which can be further divided up into sub­
components. The various elements can then be connected in the system's 
logical flow pattern and tested for validity.^ This procedure was fol­
lowed in the development of the wind generator simulation model described 
in this paper. 
Description of the Wind Simulation Model 
The wind generator system was easily divided into two main com­
ponents: One describing wind patterns and the other describing power 
production, consumption, and storage. The first component will be 
described as the wind simulator, discussed during the remainder of this 
chapter. The generation system will be described in a subsequent chap­
ter. 
Wind can be broken down into sub-components or patterns. A 
detailed discussion of that process was accomplished in Chapter I and 
only the outcome and its use will be discussed here. The wind pattern 
breakdown and the resulting simulation model development followed the 
flow shown in Figure 1. 
It is obvious from the diagram that the simulation was designed 
to follow one of two paths, depending upon the initial decision step. 
3 
James R. Emshoff and Rayer L. Sission, Design and Use of Com­
puter Simulation Models, (New York: The Macmillan Co., 1970), p. 8. 
4 
Millier and Lieberman, Operations Research, pp. 624-625. 
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If a calm period was simulated, the calm path was followed; if a windy 
period was simulated, the windy path was followed. 
Wind 
Calm 
Determine 
Velocities 
Determine 
Length 
of Run 
Set 
Velocities 
to Zero 
Determine 
Length 
of Run 
Determine 
Wind 
State 
Z1-Z2 
Windy -
Calm 
Switch 
Fig. 1.—Simulation Model Flow 
A second step in either case was to simulate a windy or calm 
period run length. The last step in the path was to simulate wind 
velocities for the duration of a wind run or to set velocities equal 
to zero for the length of the no-wind run. 
A calm period automatically followed a windy period and a windy 
stretch followed a calm stretch. Therefore, after the simulation of 
the initial windy or calm state, the wind and no-wind runs switched 
through the remainder of the month. This is the Z1-Z2 switch shown in 
Figure 1. A new windy or calm state was simulated at the beginning of 
each month based upon that month's probability distributions. 
Once the logical flow of the simulation through its component 
parts had been determined, the next step was to determine the specific 
method of accomplishing the simulation. The type of simulation employed 
15 
was the Monte Carlo method. "Monte Carlo is the technique of selecting 
numbers randomly from one or more probability distributions for use in 
a particular trial or run in a simulation study. 
The probability distribution as shown in Table 7 and the chart 
in Figure 2 illustrates the Monte Carlo process. This process uses 
random numbers and a cumulative probability distribution to select the 
number of units demanded in a given period. When carried out over a 
large number of periods, the resulting distribution of selected demands 
should be proportional to the given probability distribution. The net 
result is that the technique generates a sequence of demands with the 
same statistical characteristics as the original distribution.^ 
For example, if the random number generated is .53, the computer 
will place it above the cumulative probability of nine units and below 
the probability of ten units. It will then select ten as the demand for 
that period. If the random number generated is .40 then the simulated 
demand would also be equal to ten. 
The simulation of wind patterns was accomplished through the 
Monte Carlo process. Each sub-component was simulated based upon the 
aforementioned method and its individual cumulative probability distri­
butions. Five computer programs were written to simulate the various 
components of the model as described below. 
The initial state of wind or no-wind was simulated based upon 
the "PWIND" distribution (Table 1). The no-wind runs were simulated 
^Robert C. Meier, William T. Newell, and Harold L. Pazer, Simula­
tion in Business and Economics, (Englewood Cliffs: Prentice-Hall, Inc., 
1969), p. 3. 
^Hillier and Liebennan, Operations Research, p. 16-20. 
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TABLE 7 
PROBABILITY DISTRIBUTION OF DEMAND 
Probability 
of Units Probability 
Demanded of Occurance 
5 0.01 
6 0.03 
7 0.06 
8 0.11 
9 0.19 
10 0.31 
11 0.17 
12 0.07 
13 0.03 
14 0.02 
Cumulative Random 
Probability Number 
0.01 00 - .009 
0.04 .01 - .039 
0.10 .04 - .099 
0.21 .10 - .209 
0.40 .21 - . 399  
0.71 .40 - .709 
0.88 .71 - . 879  
0.95 . 88  - .949  
0 .98  .95 - .979 
1.00 . 98  - .999  
1.00 -r 
.90 -
.80 -
.70 -
.60 -
.50 -
. 40 
. 30 -
. 2 0  -
.10 -
8 9 10 11 
Units Demanded 
12 13 14 
Fig. 2.—Use of Random Numbers to Determine Daily Demand 
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based upon the "PNWRUN" distribution as exemplified in Table 3. The 
wind runs were simulated based upon the "PWRUN" distribution as exempli­
fied in Table 4. The velocities were simulated based upon the "PVEL" 
distribution if the current wind run was greater than twenty-five hours 
in duration, as exemplified in Table 5 and the "ARUNV" distributions if 
the wind run was less than or equal to twenty-five hours long as exem­
plified in Table 6. 
After the simulation was accomplished, the simulated velocities 
were used for two purposes: (1) statistical analysis for wind model 
validity and (2) combination with a wind generator model to simulate 
the production, consumption, and storage of electrical power. The 
statistical tests and the wind model incorporation are the subject of 
the following chapters. 
CHAPTER III 
WIND SIMULATOR RESULTS 
Comparison of Actual and Simulated Velocities 
Prior to combining the wind simulator and the generator model 
three years of hourly wind velocities were simulated and stored in 
data files for subsequent simulator validation. The simulated veloci­
ties were analyzed in the same manner as the actual wind velocities. 
The simulated data were manipulated to form the following distributions: 
(1) the probability of no-wind, (2) the cumulative probability of no-
wind runs given a calm state exists, (3) the cumulative probability of 
wind runs given a windy state exists, (4) the cumulative probability of 
velocities within wind runs greater than twenty-five hours long, and 
(5) the cumulative probability of velocities within wind runs less than 
or equal to twenty-five hours long. A visual comparison was made between 
the distributions of the actual and simulated velocities as illustrated 
in Figures 3 through 7. Statistical tests were then made to determine 
model validity. 
Figure 3 shows the two distributions (simulated and actual) for 
the probability of no-wind. For the four months of February, March, 
April, and November the simulated values differ from the actual, consid­
erably. The remainder of the months appear to have simulated and actual 
values closely related. This appears to be a fair fit of actual to simu­
lated values. 
18 
19 
Dec 
Nov 
Oct 
Sep 
M 
N 
T 
H Jul 
Jun 
May 
Apr 
Mar 
Feb 
Jan 
.05 .10 .15 .20 .25 .30 .35 .40 
Probability 
Simulated 
Actual 
Fig. 3.—Probability of No Wind 
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The actual and simulated cumulative probability distributions 
for no-wind runs for the month of April are illustrated in Figure 4. 
It is readily apparent that the simulated and actual distributions are 
close to being identical. The runs that differ the most are those of 
length four hours through seven hours. These two distributions appear 
to fit quite closely together as well as the distributions for the other 
eleven months of the year. 
Simulated 
Actual 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
.55 .60 .65 .70 .75 .80 .85 .90 .95 1.00 
Probability 
Fig. 4.—Cumulative Probability of No-Wind Runs 
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As an illustration of the visual comparison of wind runs for both 
the simulated and actual data. Figure 5 summarizes results of the model 
for the month of January. The largest difference between the simulated 
and the actual wind data occurred during the shorter wind run lengths 
with most of the run lengths being almost equal. The two distributions 
fit very closely together. 
Simulated 
Actual 
130 
110 
90 
70 
50 
40 
30 
20 
18 
16 
14 
12 
10 
8 
6 
4 
.45 .50 .55 .60 .65 .70 .75 .80 .85 .90 .95 1.00 
Probability 
Fig. 5.—Cumulative Probability of Wind Runs 
45 
40 
35 
30 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 
8 
22 
The graphic comparison of actual to simulated wind data for the 
cumulative probability of velocities within runs of length 26 through 
240 hours is shown in Figure 6, (again illustrated by the month of 
January). The simulated and the actual distributions are almost iden­
tical for all velocity levels. 
Simulated 
Actual 
.10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60 .65 .70 .75 .80 .85 .90 .95 1.00 
Probability 
Fig. 6.—Cumulative Probability of Velocities Within 
Runs of Length 26 Through 240 
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The simulated and actual distributions for the cumulative prob­
ability of velocities within runs of length one hour during January also 
match very well. This can be seen in Figure 7. The eight mile-per-hour 
velocity is the only one where there is much difference between actual 
and simulated. 
Simulated 
Actual 
10 
9 
8 
7 
.55 .60 .65 .70 .75 .80 .85 .90 .95 1.00 
Probability 
Fig. 7.—Cumulative Probability of Velocities Within 
Runs of Length One During January 
Statistical Testing For Model Validity 
The previous graphs showed that the distributions for the actual 
and simulated data were almost identical. However, to prove model valid­
ity one must do more than a visual comparison of graphs. Validity may 
be proved by statistical based comparison tests. The following are the 
two types of statistical tests which were accomplished to compare the 
various actual and simulated distributions: (1) Chi-square Goodness of 
Fit Tests and (2) Test of Proportions. 
The Chi-square Goodness of Fit Tests were used to compare three 
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simulated frequency distributions with actual population distributions 
(1) no-wind runs, (2) wind runs, and (3) velocities within wind runs 
greater than twenty-five hours long. In order to uphold the large 
sample rule, the distributions were broken up into classes containing 
at least one expected observation per class. The specific test statis­
tic was calculated in the following manner. 
X = I — 
i=l fi 
Where f^ = observed frequency of items in the ith class, and 
F. = expected frequency of items in the ith class or 
F. = np. where n = number of observed items and 
1 xo 
p^^ = the proportion of actual items in the ith 
class. 
This test statistic is approximately distributed as a Chi-square 
statistic with k-1 degrees of freedom (number of classes minus one) if 
the null hypothesis is true. The hypothesis is related to the equality 
of two multinomial distributions and has the following form: 
H : p. = p. for all i = l,2,...,k 
o i '^lo 
Where p^ = observed proportion (simulated), 
p^^ = expected proportion (actual), and 
k = number of classes 
The hypothesis is rejected using the following rule;^ 
Reject i f  („) 
Where k-1 = number of classes minus one, 
01 = level of significance (.05), and 
= a tabulated Chi-square statistic 
^George W. Snedcor and William G. Cochran, Statistical Methods 
(Ames, Iowa: The Iowa State University Press, 1967), pp. 235-238. 
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The results from the goodness of Fit test for the no-wind runs 
(simulated versus actual) is illustrated in Table 8. The null hypothesis 
had to be rejected only for the month of March. For all other months, 
the computed Chi-square value was less than the actual Chi-square statis­
tic at the .05 significance level. The test results show that there is 
no statistical difference between the two distributions. 
TABLE 8 
GOODNESS OF FIT FOR NO-WIND RUNS 
Degrees of 
? 0 
Month Freedom X 
Reject (k-1)(.05) 
1 11 10.7497 19.675 no 
2 12 15.463 21.026 no 
3 12 29.8777 21.026 yes 
4 9 11.1909 16.919 no 
5 10 6.90211 18.307 no 
6 10 6.6234 18.307 no 
7 11 8.73885 19.675 no 
8 11 14.713 19.675 no 
9 11 14.0324 19.675 no 
10 11 2.91904 19.675 no 
11 13 10.5927 22.362 no 
12 11 8.98563 19.675 no 
The results from the Goodness of Fit test for the wind runs 
(simulated versus actual) are shown in Table 9. The null hypothesis 
was not rejected in any month in this case. The test results show 
that the two distributions (simulated and actual) match very closely. 
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TABLE 9 
GOODNESS OF FIT FOR WIND RUNS 
Month 
Degrees of 
Freedom * (k-l)( .05) Reject 
1 13 12.9435 22.362 no 
2 14 23.436 23.685 no 
3 15 10.1367 24.996 no 
4 16 18.5136 26.296 no 
5 17 20.0431 27.587 no 
6 16 16.2666 26.296 no 
7 18 26.1366 28.869 no 
8 18 18.6336 28.869 no 
9 16 15.2259 26.296 no 
10 13 12.4443 22.362 no 
11 11 17.343 19.675 no 
12 13 13.257 22.362 no 
Table 10 shows the results from the Goodness of Fit tests for 
the velocity distributions (simulated versus actual) from wind runs 
greater than twenty-five hours in duration. The two distributions 
compared in this test also matched without statistical difference as 
none of the tests were rejected. 
The second test which was accomplished was a Test of Proportions. 
The Test of Proportions compares an actual proportion with an observed 
(simulated) proportion. This test was used to determine if the twelve 
actual probabilities of no-wind match the twelve simulated probabilities 
of no-wind. The hypothesis was of the following form: 
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H : PÎ = P2 
o 
Where PI = actual proportion 
P2 = simulated proportion 
The normal deviate z was the test statistic. The null hypothesis 
is rejected if Zl>z>Z2 where Z1 and Z2 are taken from the normal frequency 
distribution for l-a/2 and a/2 respectively and the level of significance 
a equal to .10. The test statistic z was calculated in the following 
manner : 
PT - P2 z = 
/ P(l-P)(1/N1+1/N2) 
Where PI and P2 are defined as above, 
N1 and N2 are the actual and the simulated sample sizes 
respectively, and 
- ̂ N1(PI)+N2(P2) 
N1+N2 
TABLE 10 
GOODNESS OF FIT FOR VELOCITIES FROM 
WITHIN WIND RUNS 26 THROUGH 240 
Month 
Degrees of 
Freedom 
x2 
(k-l)(.05) Reject 
1 30 32.7128 43.773 no 
2 27 23.1372 40.113 no 
3 28 21.3475 41.337 no 
4 26 27.3937 38.885 no 
5 23 27.5074 35.172 no 
6 23 31.9871 35.172 no 
7 20 18.8363 31.410 no 
8 19 15.0953 30.114 no 
9 24 20.7983 36.415 no 
10 26 26.7156 38.885 no 
11 27 27.8309 40.113 no 
12 30 25.6793 43.773 no 
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Table 11 shows the results from the twelve Tests of Proportions, 
As can be seen, half of the null hypothesis were rejected and half were 
acceptable. This indicates that the six proportions do not match at the 
.10 significance level and that this part of the wind simulation does 
not match simulated wind to actual wind patterns. However, it must be 
remembered that this part of the simulation is only accomplished at the 
first hour of each month. If this difference invalidated the simulation, 
there should be an error in the final velocity distribution. That error 
is not evident; therefore, it can only be concluded that this part of 
the simulation must have been done well enough for successful wind simu­
lation. 
TABLE 11 
PROPORTION ANALYSIS FOR PROBABILITY OF NO-WIND 
Month z Value Rej ect 
January -1.7 yes 
February 4.96 yes 
March -5.2 yes 
April —6.9 yes 
May 1.37 no 
June -2.1 yes 
July 1.27 no 
August .055 no 
September -1.5 no 
October - .91 no 
November 3.96 yes 
December - . 65 no 
It is evident from the visual check, the Goodness of Fit Tests 
and the Proportion Analysis, that the wind simulator does indeed simulate 
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valid wind patterns. That is, when the simulation is based upon the 
actual wind readings for the years 1969-1974 the simulated wind patterns 
match the actual wind patterns. Based upon the previous conclusions, 
the wind simulator was combined with the generator production system 
model to form the wind model for application purposes. 
CHAPTER IV 
APPLICATION OF THE WIND SIMULATOR 
The Wind Generator System 
In addition to being used for statistical analysis, the simu­
lated wind velocities were coupled with a wind generator system model 
to simulate electrical power production. The wind generator, as the 
name Implies, is powered by wind which turns a propeller turning a gen­
erator to produce power. Combine this with a battery storage system to 
supply electricity in windless periods and to store excess electricity 
in high wind periods, and one has the basis for a wind powered electri­
cal system. 
Specifically, the wind generator system is made up of the fol­
lowing components: (1) wind generators, (2) tower, (3) rectifier, 
(4) battery storage system, (5) inverter, and (6) consumption load. 
The computer model was designed in a manner which allows for user speci­
fication of the characteristics of the various system components. The 
following discussion will describe the various components that were used 
in the simulation model. 
The propeller-generator assembly consists of a generator or 
alternator which is turned by a propeller- An A.C. alternator is usu­
ally used because of greater efficiency and longer life than a D.C. 
generator. Domestic size wind generators are manufactured in various 
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shapes and sizes from a maximum output of two hundred watts to 25.5 
kilowatts. The maximum output usually occurs at wind velocities of 
twenty-five to thirty miles-per-hour. For wind velocities above the 
peak output velocity, the wind turbine continues to produce at maximum 
output, but the propellers are feathered to prevent equipment damage. 
Also, most systems have a braking capability for use in gale force winds. 
The wind generator which was used in the Wind Model runs is 
produced by Independent Power Developers (IPD) and is best suited for 
farm and ranch use. This particular system begins producing electricity 
at a wind velocity of seven miles-per-hour. The maximum power output is 
25.5 kilowatts and this occurs at a wind velocity of twenty-five miles-
per-hour.^ 
The specific system used was modeled through the use of a power 
production equation. This equation was based upon actual power output 
data which was received from the manufacturer. The data showed the 
actual amount of power that a generator will produce at various wind 
velocities. This data was then analyzed through the use of a multiple 
regression program to find the equation of the line which best fits the 
data. The following is the equation for the IPD generator mentioned 
above : 
Y = 4.25 = 112.5X-42.1875X^ +5.62891X^ -.0994873X^ 
Where Y is equal to power produced, and 
X is equal to the simulated velocity 
The second part of the wind generator system was the tower. 
Most turbines are placed upon towers because it is advantageous to put 
^Bammesberger, "Domestic-Scale Wind Power," pp. 19-23 
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the wind generator higher up into the wind currents. This is due to 
the fact that near the ground there is surface friction which lowers 
the wind velocity. The formula below was used to find the velocity of 
the wind at a desired tower height when the velocity was known at a 
given height. This formula was used to adjust the simulated velocities 
recorded at twenty-two feet, to a wind velocity at a desired tower 
2 height. This formula is valid for the height of towers currently on 
the market. 
V = V 0^/^ 
z k k 
Where is the velocity at the desired height z, 
and is the velocity at the known height k 
The following is an example of how the above formula was used. 
Assume a velocity of twenty miles-per-hour was recorded at ten feet. 
The twenty miles-per-hour velocity would be adjusted to a velocity at 
a height of seventy feet as follows: 
V^O = = (20) (1.321) = 26.41 m.p.h. 
A 26.41 mile-mer-hour velocity would then be put through the 
power equation. The tower height used in the Wind Model run was sixty 
feet. This height was used because the wind velocity increase begins 
to level off at that height. Therefore, towers larger than sixty feet 
are not economically feasible with respect to the small increase in power 
3 produced and large increment in tower cost. 
2 
U.S., Department of Commerce, Weather Bureau, Distribution of 
Extreme Winds in the United States, July 1959, ( A manuscript of the U.S. 
Weather Bureau), p. 20. 
3 
Charles D. Syverson and John G. Symons, "Wind Power—Informa­
tion and Planning Manual for Wind Driven Electric Power Systems," Wind 
Power, (Manleato, Minnesota: P.O. Box 233), (Pamphlet). 
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The third component of the wind generator system was the recti­
fier. Rectifiers are designed to convert alternating current (A.C.)> 
which is produced by the windmill generators, into direct current (D.C.) 
so it can be stored in batteries. Rectifiers have an efficiency level 
of 100 percent. 
The next component in the system was a storage bank of batter­
ies. Power storage is an expensive but necessary requirement due to the 
numerous calm periods which occur. During these calm periods there is 
no power produced to match the ever-present consumption. Storage batter­
ies are presently the only practical way to assure a continual supply of 
electricity. The batteries manufactured for use in wind systems come in 
various shapes and sizes and are designed for repeated cycling. The 
batteries are capable of going from a fully charged state to a fully 
discharged state 1,000 cycles or more. The battery life is approxi­
mately ten years.^ The battery storage capacity is determined by entering 
the system voltage and ampere-hour rating and then multiplying the two 
values together. The battery storage system used in the Wind Model run 
had an ampere-hour rating of 540 amps and a system voltage of 115 volts 
for a total storage capacity of 62,100 watt-hours. 
The inverter was the next system component considered. An inverter 
does the following: (1) converts direct current from batteries into alter­
nating current of the proper cycles-per-second for home use, and (2) con­
verts the power into 115 volt A.C. power. Inverters also have different 
efficiencies which range from 85 percent to 95 percent. The efficiency 
used in the Wind Model run had an efficiency of 95 percent. 
^Bammesberger, "Domestic-Scale Wind Power," p. 21. 
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The last aspect considered in the wind generator system was 
electrical consumption. Consumption, like the other aforementioned 
components, can also be input by the operator. The users consumption 
is entered in two steps: (1) the user enters his total monthly con­
sumption for each of the twelve months of the year, and (2) then enters 
the percentage of daily consumption which was used during each hour of 
the day. The monthly consumption used for the Wind Model run was selec­
ted from a typical farm-ranch. This ranch was located near the town of 
Highwood, Montana. A shop and a 3,000 square foot home was maintained on 
this ranch. The farm shop contained a grinder, drill, air compressor, 
and lighting. The home had 1,500 square feet on each of two floors and 
housed eight people. The home included "the following electrical appli­
ances: washing machine, dryer, water heater, oil furnace fan, dishwasher, 
range, oven, freezer, two refrigerators, toaster, blender, mixer, color 
television, iron and other small appliances." The consumption data used 
was taken from the year 1969 and is shown in Table 12.^ 
The model computes hourly consumption by first dividing the total 
monthly consumption by the number of days in the month and then multiply­
ing that daily consumption amount by the hourly percentage for that given 
hour. This results in a typical hourly consumption demand pattern. 
During the program execution, hourly production (or lack of it) 
was matched with hourly consumption demands to test the system compon­
ent's capability to provide electrical energy to the electrical load. 
A net power surplus or deficit was then stored or subtracted, respect­
ively, in battery storage up to a maximum or down to a zero charge. 
^Ibid., pp. 30-32. 
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Any hour of the simulation in which production or storage could not 
meet the demand for that hour was keyed as a powerless hour. Each 
powerless hour number was stored in a file for later output. 
TABLE 12 
ELECTRICAL CONSUMPTION FOR A TYPICAL 
FARM/RANCH (IN KW-HOURS) 
Month Amount 
January 2971 
February 941 
March 2327 
April 2022 
May 2327 
June 1758 
July 1004 
August 2327 
September 1058 
October 2175 
November 1004 
December 2790 
The amount of hourly production exceeded the combined amount of 
consumption and battery storage requirement numerous times throughout 
the simulation. It is for this reason that total power and excess 
power were also calculated and stored in files for later output. The 
monthly power totals indicate the total generation potential of a partic­
ular wind generation system, either for delivery to a larger power grid 
or a larger battery storage system. The total amount of excess power is 
the amount of power that was thrown away by the program when the batteries 
had reached their maximum charge. 
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The Wind Model 
The finished Wind Model was comprised of the wind simulator, 
the wind generator model, and simulation output. Execution of the 
Wind Model began with velocity simulation. The simulated velocities 
were transmitted to the wind generator model where power production, 
consumption, and storage were simulated. When the run was completed 
the computer transmitted the results to the line printer for output. 
If the run was not finished, the process would go back to the wind 
simulation step and begin the process over again. 
Model output consisted of a four part computer printout which 
included the model specifications, powerless hours or a powerless hour 
histogram, total power produced, and total excess power (see Appendix I). 
Part one contained all model specifications which were input by the user 
to describe the various aspects of the wind generator model. 
Part two is further broken down into either a listing of the 
hour numbers where the system is out of power or a powerless hour 
histogram. The powerless hour histogram shows the total number of hours 
out of power for each of the hours of the day (hours 1 through 12 are 
a.m. and hours 13 through 24 are p.m.). It also shows what percentage 
of the time the system was out of power during any given hour of the 
day. 
Part three and four show the total monthly power produced and 
total excess power produced respectively. These are all listed in 
terms of kilowatt-hours (KWHRS). 
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Wind Model Assumptions 
There were a number of assumptions made to limit the size and 
complexity of the model in an effort to assure that the model could be 
run on the AFIT computer. 
1. The wind velocity is considered constant throughout the 
hour. Wind gusts are ignored. 
2. The wind direction is assumed constant over a wind run. 
This ignores any possible inefficiencies caused by the 
pivoting of the windmill. 
3. The last day of February, 1972 (February 29) was ignored 
because that year was a leap year. 
4. Wind patterns were assumed to be different each month. 
Therefore, the probability distributions were aggregated 
on a monthly basis. If a simulated run (either wind or no-
wind) increments into the next month, then the remaining 
hours of the month are dropped and the simulation resumes 
with the simulation of a new run based upon the new month. 
5. The wind velocities from within wind runs of length 25 
through 240 hours are not dependent upon the length of the 
wind run. 
6. Humidity and air density are not considered and the model 
does not adjust for those two factors. 
7. Since the power production function is based upon actual 
wind generator output, the power output at the generator 
shaft is assumed to be the net of generator production. 
This implies that all wind generator inefficiencies are 
automatically adjusted. 
8. There are no battery storage inefficiencies. This means 
that the storage of power into the batteries and the use 
of power from the batteries results in no power being lost. 
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9. The batteries were assumed to be fully charged at the 
beginning of the model execution phase. The generating 
system could be allowed to fully charge prior to a load 
being put on the system. 
10. Consumption is assumed to be constant throughout the hour 
and all consumption was A.C. and routed through an inverter. 
11. The process of power production, consumption, and storage 
is assumed to be an ongoing process. This means that the 
net battery storage at midnight on the last day of each 
month is carried forward into hour one of the following 
month. 
12. There is no power loss due to transmission line ineffi­
ciencies. 
13. The wind generator does not have to be braked, because 
the wind data shows that the wind velocity is not high 
enough to require braking. 
14. It is assumed that the battery storage system can charge 
at the maximum output rate of the generator. 
15. There were no inefficiencies in feathering the wind gen­
erator at wind velocities greater than the maximum output 
velocity for the generator. 
Wind Model Output and Validation 
The Wind Model output was compared with the verification model 
output (discussed in Chapter I). The output from the simulated Wind 
Model and the actual verification runs can be seen in Appendix I and II 
respectively. Three years of simulated wind velocities were compared 
with six years of actual wind readings. The comparison of actual to 
simulated, for the purpose of validation, was accomplished in three 
areas: (1) number of powerless hours, (2) total amount of power 
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produced, and (3) total excess power produced. As can be seen from 
the verification output in Table 13, year (1969) was an atypical year 
and was much calmer than years two through six (1970-1974). It was 
for that reason that the comparison was made with 1969 included in one 
case and excluded in another case from the output. 
TABLE 13 
COMPARISON OF POWERLESS HOURS 
VERIFICATION TO SIMULATION 
Year Verification Simulation 
1 1710 517 
2 974 664 
3 667 608 
4 685 
5 447 
6 510 
The Wind Model output with respect to powerless hours was not 
very close to that of the verification (see Table 13). When the year 
1969 was included, the average number of powerless hours for the veri­
fication run was 832.2 as compared to 596.3 for the simulation. This 
represented an error of 28.3 percent. When 1969 was excluded, the 
average number of powerless hours was 656.6. This again was compared 
with 596.3 and represented an error of 9.18 percent. As can be seen, 
the year 1969 was a relatively calm year as compared to the other five 
years. This, along with the fact that the simulator was closer to the 
verification if the year 1969 were excluded, implies that the wind model 
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did not account for the extremes in the actual wind. The actual wind 
data had extremes, both windy and calm, however, the simulator cut off 
those extremes and was closer to the middle range of the verification 
output. 
The Wind Model output with respect to total power produced was 
closer to the verification output (see Table 14). The average amount 
of total power produced, with 1969 included was 71463.5 KWHRS. This 
compares to the average of 64675.7 KWHRS for the simulation output. The 
amount of error with 1969 included was 6.16 percent and without 1969 it 
was 13.7 percent. In this case, the simulator was closer to the verifica­
tion with the year 1969 included. The simulator probably produced fewer 
high power producing velocities and yet remained close enough to pass the 
statistical tests discussed in Chapter III. 
TABLE 14 
COMPARISON OF TOTAL POWER VERIFICATION 
TO SIMULATION 
Year Verification Simulation 
1 4444.6 66463.1 
2 61251 65190.4 
3 70744 62373.6 
4 73205.8 
5 74107.4 
6 78009.5 
The comparison of simulation to verification, with regard to 
excess power, follows the same pattern as that for total power where 
the simulation was closer to the verification with 1969 included (see 
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Table 15). This is logical because if you have more power produced, 
you should have more left over after you subtract consumption. The 
variation between the Wind Model and the verification model is also 
too large with respect to excess power. 
TABLE 15 
COMPARISON OF EXCESS POWER VERIFICATION 
TO SIMULATION 
Year Verification Simulation 
1 25438.6 44159.1 
2 40012.3 43234.3 
3 48745 40291.5 
4 51239.2 
5 55140.9 
By looking at the aforementioned comparisons, it is evident 
that the Wind Model is not close enough to the verification for it to 
be useful. Therefore, further research should be undertaken. Some 
final conclusions and a discussion of further possible research is the 
subject of Chapter V. 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS FOR 
FURTHER RESEARCH 
Conclusions 
It is readily apparent that the Wind Model, as it now exists, 
is not valid when compared to the verification model. The Wind Model 
does not simulate wind patterns that are useful in comparison with the 
actual wind patterns even though statistical tests indicated no differ­
ence. This is the main disadvantage of the Wind Model. A second dis­
advantage concerns the area of computer capacity. There were some 
assumptions made that could have been incorporated into the model if a 
larger computer had been available. 
The model does have some advantages. In its current form the 
model is faster than the verification model. If the simulation model 
were valid, it would be better to run the simulation rather than the 
verification. 
A second advantage is that the simulation and verification 
models aptly model the main parts of a wind generator system of power 
production, consumption, and storage. A run of the verification model 
demonstrates the capabilities of wind generators in the Great Falls, 
Montana area. It shows whether they are capable of producing power in 
sufficient quantities. 
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The second half of the model, that being the wind generator 
system, is described in a satisfactory manner. However, it is now 
necessary to try and change the wind simulator in a manner that will 
allow for valid wind simulation. A discussion of some possible changes 
for the wind simulator and some other recommendations for further re­
search are discussed below. 
Recommendations for Further Research 
The wind simulator is the first aspect of the model that must 
be changed. Since it is not simulating enough powerless hours, the 
model should look more closely at wind velocities within wind runs of 
greater length, such as runs of length twenty-six through forty hours. 
The extremes in the wind also need to be accounted for. This 
could be done by expanding the data base from six years of wind read­
ings to ten or fifteen years of hourly wind readings. This might also 
make it possible to research the possibility of wind cycles. 
There are also some necessary changes in the wind generator 
system. Some of the aforementioned assumptions could also be incor­
porated into the model. A few of these recommendations would be the 
following: (1) one could look at the battery storage system in detail 
and allow for battery charging and discharge rates as well as any inef­
ficiencies in those processes, (2) one could incorporate a certain 
amount of D.C. power consumption for the appliances that could use D.C. 
power, and (3) one could incorporate a backup power supply to provide 
power when the wind was below minimum velocity and the batteries were 
fully discharged. One possible backup system would be a gas genera­
tor. 
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Another area to research is the correlation of wind velocities 
recorded in Great Falls, Montana, to wind velocities in the outlying 
areas. The methodology behind this correlation analysis would also 
have to be researched. If this were possible, then someone in a rural 
area could use the Great Falls wind readings in the model to determine 
the wind power potential for the locality. 
A last area for further research is a model that would incor­
porate both wind and solar power. This would answer the question as to 
whether both systems together would be capable of producing sufficient 
quantities of energy to meet the demands of a home. The Wind Model would 
have to be changed to determine which velocities occurred during each 
hour of the day. This would demonstrate the generator's capability of 
producing power during the night when solar power was nonexistent. 
Even though the Wind Model proved that it would not simulate 
wind in patterns that were close enough to the actual wind patterns, 
the model still is a good description of the wind power production, 
consumption, and storage process. It is still far better to run a 
simulation of two or three hours than to build a generator system only 
to find out that wind velocities are insufficient. The model also allows 
the user to find the best match of wind generator to batteries that will 
meet consumption needs. It is for these reasons that further research 
should be accomplished into the many possibilities of the Wind Model. 
APPENDIX I 
SIMULATION MODEL OUTPUT 
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*****MODEL SPECIFICAT IONS***** 
WIND MODEL 
4 25 + 112. 5 X+-42. 1875 X "2+ ** 
** 5. 62891 X " 3+- 0994873 X ' 4 ** 
#*******#***##*#**##**###**#*****#*#-
UPPER LIMIT OF ZERO WIND = 7 MPH 
VELOCITY OF MAXIMUM POWER PRODUCTION = 25 MPH 
#***# CUNoUMFTIUN ***** 
MONTHLY 
MONTH - 1 2971 KWHRS 
MONTH = 2 941 KWHRS 
MONTH 2327 KWHRS 
MONTH = 4 2022 KWHRS 
MONTH zz 5 2327 KWHRS 
MONTH = 6 1758 KWHRS 
MONTH 7 1004 KWHRS 
MONTH 8 2327 KWHRS 
MONTH 9 1058 KWHRS 
MONTH 10 2175 KWHRS 
MONTH 11 1004 KWHRS 
MONTH = 12 2790 KWHRS 
TOTAL = 22704 KWHRS 
AVERAGE DAILY CONSUMPTION = 62. 2027 KWHRS 
HOURLY PERCENTAGE 
HOUR = 1 2. 29 PERCENT 
HOUR = 2 1 96 PERCENT 
HOUR = 1 74 PERCENT 
HOUR = 4 1 74 PERCENT 
HOUR = 1. 74 PERCENT 
HOUR — 6 1 8 PERCENT 
HOUR — 7 45 PERCENT 
HOUR = 83 PERCENT 
HOUR 9 4 8 PERCENT 
HOUR = 10 . 44 PERCENT 
HOUR - 11 6 . 15 PERCENT 
HOUR 12 6 . 34 PERCENT 
HOUR = 13 5 . 76 PERCENT 
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HOUR - 14 4 64 PERC ENT 
HOUR = 15 4 22 PERC ENT 
HOUR = 16 33 PERCENT 
HOUR = 17 4. S PERCENT 
HOUR = IS 7. 21 PERC ENT 
HOUR = 19 7. 25 PERC ENT 
HOUR = 20 5. 57 PERC ENT 
HOUR = 21 5. 25 PERC ENT 
HOUR = 4 o6 PERC ENT 
HOUR — 23 9 PERCENT 
HOUR = 24 2. 41 PERC ENT 
***## BATTERY STORAGE ***** 
BATTERY SYSTEM VOLTAGE = 115 VOLTS 
BATTERY SYSTEM AMP-HOUR RATING = 540 AMP-HRS 
**#**SYSTEM EPF ICIENCI ES*#*** 
RECTIFIER EFFICIENCY = 100 PERCENT 
INVERTER EFFICIENCY = 95 PERCENT 
#****WIND VELOCITY HEIGHTS***** 
RAW WIND DATA HEIGHT - 22 FEET 
GENERATOR TOWER HEIGHT = 60 FEET 
•s * *-s-* SIMULATI ON OUTPUT ***## 
YEARS OF SIMULATION 3 
POWERLESS HOURS HISTOGRAM 
YEAR = I 
HOUR = 1 23 4 44874 % 
HOUR — 19 3. 67505 % 
HOUR IS 3. 48162 % 
HOUR ---- 4 IS 3. 4SI62 % 
HOUR 5 14 2. 70793 % 
HOUR = 6 13 2. 51451 % 
HOUR — 7 14 2, 70793 % 
HOUR — S 21 4 0619 % 
HOUR = 9 4 25532 % 
HOUR = 10 24 4 64217 % 
HOUR = 11 4 44874 % 
HOUR — 12 21 4 0619 X 
HOUR 13 26 5. 02901 % 
HOUR — 14 21 4 0619 % 
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TOTAL = 
YEAR — 2 
HC JR _ 1 
HC ..IR = 2 
HC JR = 
HC .JR = 4 
HC JR = 
HC JR 6 
HC .JR = 7 
HC UR = S 
HC JR = 9 
HC JR 10 
HC JR = 11 
HC JR = 12 
HC JR = 13 
HC JR 14 
HC JR = 15 
HC JR — 16 
HC JR = 17 
HC JR = 18 
HC JR = 19 
HC JR = 20 
HC JR = 21 
HC JR -- 22 
HC JR = 
HC JR = 24 
TOTAL = 
YEAR = 3 
HOUR = 1 
HOUR = 2 
HOUR = 3 
HOUR - 4 
HOUR = 5 
HOUR = 15 
HOUR = 16 
HOUR = 17 
HOUR = IS 
HOUR = 19 
HOUR = 20 
HOUR =21 
HOUR = 22 
HOUR = 23 
HOUR = 24 
3. 91 566 % 
16 265 % 
46 386 % 
46 386 % 
3. 16 265 % 
2. 71084 % 
2. 40 964 % 
3. 01 205 % 
46 386 % 
3. 61446 % 
4 06627 % 
4 66867 % 
4 66367 % 
4. 96988 % 
4 81928 V. 
4 66867 % 
4 21687 % 
4 81928 % 
5. 12048 % 
5. 12048 % 
5. 72239 % 
5. 57229 % 
4 96988 % 
4 21687 % 
HOURS 
3. 78289 % 
3. 125 % 
3. 125 % 
2. 79605 % 
2. 4671 1 % 
4 25532 .% 
2. 70793 % 
09478 % 
4 0619 % 
02901 % 
4 83559 % 
5. 41586 % 
5. 99613 % 
5. 99613 % 
5. 02901 % 
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26 
2 1  
23 
23 
21 
18 
16 
20 
23 
24 
27 
31 
31 
33 
32 
31 
28 
32 
34 
34 
38 
37 
33 
28 
664 
19 
19 
17 
15 
22 
14 
16 
21 
26 
25 
31 
31 
26 
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HOUR = 6 15 2. 46711 % 
HOUR = 7 16 2. 63158 % 
HOUR = S 17 2. 79605 % 
HOUR — 9 22 61842 % 
HOUR = 10 24 . 94737 % 
HOUR 1 1 . 78289 % 
HOUR = 12 25 4 1 1 184 % 
HOUR = 13 25 4 11184 % 
HOUR = 14 23 4 60526 % 
HOUR = 15 27 4 44079 % 
HOUR = 16 23 4 60526 % 
HOUR 17 28 4 60526 % 
HOUR = 18 37 6 . 08553 % 
HOUR = 19 38 6 . 25 % 
HOUR = 20 35 5 . 75658 % 
HOUR = 21 36 5 . 92105 % 
HOUR = 31 5 , 09868 % 
HOUR = 23 35 5 . 75658 % 
HOUR — 24 25 4 11184 % 
TOTAL = 608 HOURS 
***** TOTAL MONTHLY POWER PRODUCED ***** 
YEAR. 1 
MONTH = 1 7579 72 KWHRS 
MONTH — 6356. 66 KWHR8 
MONTH = 6558. KWHRS 
MONTH = 4 . 6017 12 KWHRS 
MONTH — 5 . 5029. 55 KWHRS 
MONTH 6 . 4853. 06 KWHRS 
MONTH = 7 . 3294 03 KWHRS 
MONTH = 8 . 2730. 08 KWHRS 
MONTH — 9 . 4590. 42 KWHRS 
MONTH = 10 6162 . 3 ? KWHR 
MONTH = 11 . 7041 . 8 KWHRS 
MONTH = 12 . 6249 . 4 2 KWHR 
TOTAL POWER = 66463 . 1 KWHRS 
YEAR. 
MONTH = 1 : 6830. 4S' KWHR z 
MONTH = 7224 KWHR 
MONTH = 3 . 6383. 53 KWHR E 
MONTH = 4 4413. 21 KWHR 
MONTH = 5 . 4765. 79 KWHR S 
MONTH = 6 . 3457 KWHR E 
MONTH = 7 . 3618. 24 KWHR 
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MONTH = S . 
MONTH = 9 . 
MONTH = 10 . 
MONTH = 11 . 
MONTH = 12 . 
TOTAL POWER 
2637. 62 KWHRS 
5066. 82 KWHRS 
5723. 8 KWHRS 
6863. 79 KWHRS 
3205. 35 KWHRS 
YEAR; 
MONTH 1 . 6370. 25 KWHRS 
MONTH 6320. 34 KWHRS 
MONTH = 5878. KWHRS 
MONTH 4 . 4308. 77 KWHRS 
MONTH 5 . 5064 42 KWHRS 
MONTH 6 . 3359 33 KWHRS 
MONTH 7 . 3998. 72 KWHRS 
MONTH = 3 . 3026. 17 KWHRS 
MONTH = 9 . 3000 KWHRS 
MONTH = 10 5865 . 4 3 KWHR 
MONTH = 11 5523 2 KWHR 
MONTH = 12 9655 . 0 3 KWHR 
TOTAL POWER = 62372 . 6 KWHRS 
***** EXCESS MONTHLY POWER ***** 
YEAR. 1 
MONTH = 1 4908 55 KWHRS 
MONTH = 2 5345 74 KWHRS 
MONTH — 4334 61 KWHRS 
MONTH = A 3911 7 KWHRS 
MONTH — S 88 KWHRS 
MONTH 6 2991 KWHRS 
MONTH — 7 54 KWHRS 
MONTH 8 550 219 KWHRS 
MONTH = 9 3420. 74 KWHRS 
MONTH = 10 3919 46 KWHRS 
MONTH — 1 1 84 KWHRS 
MONTH = 12 3842. 46 KWHRS 
TOTAL EXCESS POWER = 44159 1 KWHRS 
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MONTH = 1 4236 
MONTH = 2 6247 
MONTH = 3 4053 
MONTH = 4 2438 
MONTH = 5 2458 
MONTH = 6 1796 
MONTH = 7 2525 
MONTH = S 627 
MONTH = 9 3393 
MONTH = 10 3486 
MONTH = 11 5819 
MONTH = 12 5644 
TOTAL EXCESS POWER = 43 
73 KWHRS 
61 KWHRS 
31 KWHRS 
24 KWHRS 
37 KWHRS 
13 KWHRS 
92 KWHRS 
307 KWHRS 
96 KWHRS 
95 KWHRS 
9 KWHRS 
87 KWHRS 
234. 3 KWHR 
MONTH = 1 3962 13 KWHR 
MONTH = 2 5290 37 KWHR 
MONTH = 3788 24 KWHR 
MONTH = 4 2202 3 KWHRS 
MONTH — 5 2770 56 KWHR 
MONTH = 6 1586 73 KWHR 
MONTH = 7 2973 97 KWHR 
MONTH = S 841. 213 KWHR 
MONTH = 9 1913 58 KWHR 
MONTH = 10 3703 04 KWHR 
MONTH — 11 4405 63 KWHR 
MONTH = 12 6853 76 KWHR 
TOTAL EXCESS POWER = 40 291. 5 KWHR 
APPENDIX II 
VERIFICATION MODEL OUTPUT 
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****#MODEL SPECIFICAT IONS***** 
WIND MODEL 
#*********#******##***#******#************#****#********** 
** 4. 25 + 112.5 X+-42. 1875 X ' 2+ ** 
** 5. 62891 X "3+-. 0994873 X ' 4 ** 
#*****#**********#*************#***#************#********* 
UPPER LIMIT OF ZERO WIND = 7 MPH 
VELOCITY OF MAXIMUM POWER PRODUCTION = 25 MPH 
##*** CONSUMPTION ***** 
MONTHLY 
MC NTH = 1 2971 KWHRS 
MC NTH = 941 KWHRS 
MC NTH 3 2327 KWHRS 
Ml: NTH = 4 2022 KWHRS 
MC NTH = 5 2327 KWHRS 
MC NTH — 6 1758 KWHRS 
MC NTH — 7 1004 KWHRS 
MC NTH = 2327 KWHRS 
MC NTH — 9 1058 KWHRS 
MC NTH = 10 2175 KWHRS 
MC NTH 11 1004 KWHRS 
MC NTH = 12 2790 KWHRS 
TOTAL = 22704 KWHRS 
AVERAGE DAILY CONSUMPTION = 62. 2027 KWHRS 
HOURLY PERCENTAGE 
HC UR = 1 2. 29 PERCENT 
HC UR = 1. 96 PERCENT 
HC UR 3 1. 74 PERCENT 
HC UR 4 1. 74 PERCENT 
HC UR = 5 1. 74 PERCENT 
HC UR = 6 1 8 PERCENT 
HC UR = 7 2. 45 PERCENT 
HC UR = 8 3. 83 PERCENT 
HC UR 9 4 8 PERCENT 
HC UR — 10 5. 44 PERCENT 
HC UR = 11 6. 15 PERCENT 
HC UR = 12 6. 34 PERCENT 
HC UR — 13 5. 76 PERCENT 
HC UR 14 4 64 PERCENT 
HC UR 15 4 22 PERCENT 
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HOUR = 16 3. 83 PERCENT 
HOUR — 17 4 PERCENT 
HOUR = 18 7. 21 PERCENT 
HOUR = 19 7. 25 PERCENT 
HOUR = 20 5, 57 PERCENT 
HOUR = 21 5. 25 PERCENT 
HOUR 22 4 86 PERCENT 
HOUR = 23 3. 9 PERCENT 
HOUR — 24 2. 41 PERCENT 
***** BATTERY STORAGE ***** 
BATTERY SYSTEM VOLTAGE = 115 VOLTS 
BATTERY SYSTEM AMP-HOUR RATING = 540 AMP-HRS 
A 
*###*SYSTEM EPFICIENCIES***** 
RECTIFIER EFFICIENCY = 100 PERCENT 
INVERTER EFFICIENCY = 95 PERCENT 
* * * * * WIN [I VELUUlTY HEIUHTS***** 
RAW WIND DATA HEIGHT = 22 FEET 
GENERATOR TOWER HEIGHT = 60 FEET 
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IFI CAT I ON OUTPUT-*^-*"*** 
YEARS OF VERIFICATION = 6 
POWERLESS HOURS HISTOGRAM 
YEAR = 1 
HC UR = 1 69 4 03509 % 
HI: I.JR = 2 67 91813 % 
HC UR = 66 85965 % 
HC UR — 4 63 68421 % 
HC UR 63 68421 % 
HC UR 6 62 62573 % 
HC UR = 7 59 45029 % 
HC UR 8 70 4 09357 % 
HC UR = 9 67 91813 % 
HC UR = 10 69 4 03509 % 
HC UR = 11 73 4 26901 % 
HC UR = 12 71 4 15205 % 
HC UR = 13 72 4 21053 % 
HC UR = 14 69 4 03509 % 
HC UR 15 72 4 21053 % 
HC UR 16 64 74269 % 
HC UR = 17 69 4 03509 •/: 
HC UR = IS 31 4 73684 % 
HC UR — 19 81 4 73684 % 
HC UR = 20 4 79532 % 
HC UR = 21 4 79532 % 
HC UR = 22 4 79532 % 
HC UR = 23 84 4 91228 % 
HC UR = 24 73 4 26901 % 
TOTAL = 1710 HOURS 
YEAR = 2 
HOUR = 1 38 0144 % 
HOUR = 2 39 4 00411 % 
HOUR = 3 34 L: . 4 9076 % 
HOUR = 4 34 . 4 9076 % 
HOUR = 35 . 5 9343 % 
HOUR 6 9809 •/. 
HOUR 7 . 6 961 % 
HOUR = 8 34 . 4 9076 % 
HOUR 9 36 . 6 961 % 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
A! 
3 
1 
3 
4 
5 
6 
7 
9 
K 
1 
1: 
1 • 
1-
1 ' 
1 ,  
1" 
l: 
! •  
2( 
2 
2: 
2' 
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37 3. 79877 % 
40 4 10678 % 
44 4 51745 % 
43 4 41478 % 
42 4 31212 % 
42 4 31212 % 
37 3. 79877 % 
6961 % 
41 4 20945 % 
46 4. 72279 % 
50 5. 13347 % 
52 5. 33881 % 
51 5. 23614 % 
49 5. 0308 % 
45 4. 62012 % 
974 HOURS 
23 44 328 % 
24 3 . 59 32 % 
44 528 % 
21 14 543 % 
20 99 % 
23 3 44 528 % 
23 44 % 
25 74 S13 % 
25 74 513 % 
4. 1 979 % 
32 4 7976 % 
28 4 1979 % 
30 4 49775 % 
29 4 34783 % 
27 4 04798 % 
27 4 04798 % 
28 4 1979 % 
9 4. 3478:3 % 
9 4 34783 % 
5 5. 24738 % 
7 5. 54723 % 
7 5. 54723 % 
5. 24738 % 
9 4 34783 % 
667 HOURS 
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YEAR = 4 
HI: JR = 1 25 Z 64963 % 
HC JR = 2 22 21168 % 
HC JR — 20 2 91971 % 
HC JR = 4 24 50365 % 
HC JR 5 22 21163 % 
HC JR = 6 23 35766 % 
HC JR = 7 21 06569 % 
HC JR = S 21 06569 % 
HC JR 9 24 50365 % 
HC JR 10 28 4 08759 % 
HC JR 11 4 67153 % 
HC JR = 12 33 4 81752 % 
HC JR — 13 36 5 . 25547 % 
HC JR 14 29 4 . 23358 % 
HC JR = 15 27 . 94161 % 
HC JR = 16 27 . 94161 % 
HC JR = 17 27 3 . 94161 % 
HC JR 18 4 67153 % 
HC JR = 19 40 5 . 83942 % 
HC JR 
= 20 36 . 25547 % 
HC JR = 21 37 5 . 40146 % 
HC JR = 22 5 . 69343 % 
HC JR 34 4 9635 % 
HC .JR = 24 3 . 79562 % 
TOTAL = 685 HOURS 
YEAR — 5 
HC LIR — 1 14 3. 13199 % 
HC UR = 2 14 3. 13199 % 
HC UR = 12 2. 68456 % 
HC LIR = 4 12 2. 68456 % 
HC UR = 5 11 2. 46085 % 
HC UR 6 13 2. 90828 % 
HC UR = 7 15 3. 3557 % 
HC UR — 8 16 3. 57942 % 
HC UR 9 16 3. 57942 % 
HC UR 10 IS 4 02685 % 
HC UR 11 22 4 9217 % 
HC UR = 12 23 5. 14541 % 
HC UR — 13 5. 59284 % 
HC UR 
= 14 21 4 69799 % 
HC UR = 15 22 4 9217 % 
HC UR 
= 16 19 4 25056 % 
HC LIR = 17 19 4 25056 % 
HC UR 18 19 4. 25056 % 
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HOUR = 19 21 4 69799 % 
HOUR = 20 21 4 69799 % 
HOUR = 21 25 5. 59284 % 
HOUR = 22 24 5. 36913 % 
HOUR = 23 26 5. 81655 % 
HOUR = 24 19 4. 25056 % 
TOTAL = 447 HOURS 
YEAR = 6 
HOUR = 1 24 4 70588 % 
HOUR 2 24 4. 70588 % 
HOUR — 22 4 31373 % 
HOUR 4 19 72549 % 
HOUR = 19 3. 72549 % 
HOUR 6 17 3 33333 % 
HOUR 7 16 3. 13726 % 
HOUR = 8 17 % 
HOUR ~ 9 18 3. 52941 % 
HOUR = 10 18 •r 52941 % 
HOUR 11 20 92157 % 
HOUR 12 20 •7z 92157 % 
HOUR = 13 17 % 
HOUR 14 17 % 
HOUR = 15 19 72549 % 
HOUR = 16 17 % 
HOUR 17 18 52941 % 
HOUR = 18 21 4 1 1765 .•/. 
HOUR = 19 24 4 70588 % 
HOUR = 20 27 5 29412 % 
HOUR = 21 30 5 88235 % 
HOUR — 22 28 5 4902 % 
HOUR 23 32 6 27451 % 
HOUR 24 26 5 09804 % 
TOTAL = 510 HOURS 
***** TOTAL MONTHLY POWER PRODUCED ***** 
YEAR. 
MONTH = 1 2938. 88 KWHRS 
MONTH = 2 ; 3412. 11 KWHRS 
MONTH = 3 5166. 76 KWHRS 
MONTH = 4 . 5124. 7 KWHRS 
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MONTH = 5 . 
MONTH = 6 . 
MONTH = 7 . 
MONTH = 8 . 
MONTH = 9 • 
MONTH = 10 
MONTH = 1 1 
MONTH = 12 
TOTAL POWER = 
3161. 95 KWHRS 
2588. 06 KWHRS 
2776. 29 KWHRS 
2645 KWHRS 
3397. 62 KWHRS 
3334. 78 KWHR 
5695. 45 KWHR 
4199. 05 KWHR 
44440. 6 KWHRS 
M JNTH = 1 • 4700. KWHRS 
M ONT H = 4595. 21 KWHRS 
M JNTH 
:= 
5122. 15 KWHRS 
M JNTH = 4 . 7574 77 KWHRS 
M JNTH = 5 3943. 91 KWHRS 
M JNTH = 6 . 11 KWHRS 
M JNTH = 7 . 2709. 98 KWHRS 
M JNTH — 8 2651. 26 KWHRS 
M JNTH 9 . 5554 KWHRS 
M liNTH 10 . 6271 36 KWHR 
M DNTH 11 . jio-z-c/ (-)/- KWHR 
M ZiNTH = 12 . P. KWHR 
TOTAL POWER = 61251 KWHRS 
MONTH 1 
MONTH = 2 
MONTH = 3 . 
MONTH 4 
MONTH = 5 . 
MONTH = 6 . 
MONTH = 7 . 
MONTH 8 . 
MONTH = 9 . 
MONTH = 10 
MONTH 11 
MONTH 12 
7588. 41 KWHRS 
7216 36 KWHRS 
8363. 39 KWHRS 
5338. 22 KWHRS 
3886. 76 KWHRS 
4090. 88 KWHRS 
3185 KWHRS 
3481. 32 KWHRS 
5104. 64 KWHRS 
7071. 63 KWHR? 
7158. 86 KWHR! 
8264 47 KWHR: 
TOTAL POWER = 70744 KWHRS 
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YEAR; 
MONTH = 1 
MONTH = 2 
MONTH 3 
MONTH 4 
MONTH = 5 
MONTH 6 
MONTH 7 
MONTH = 
MONTH 9 
MONTH = 10 
MONTH 11 
MONTH = 12 
22 
98 
1 1 
03 
05 
9880. 
6384. 
6945. 
6993. 
4775. 
5168. 91 
3846. 05 
2346. 49 
5845. 83 
5474. 3 
6375. 6 K 
9170. 17 
:WHRS 
:;WHR3 
:WHRS 
WHRS 
::WHRS 
:WHRS 
:;WHRS 
WHRS 
WHRo 
KWHRS 
'WHRS 
KWHRS 
TOTAL POWER 73205. 8 KWHRS 
YEAR 
MONTH = 1 . 10192. 9 KWHRS 
MONTH = 2 . 5624. 65 KWHRS 
MONTH = 6892. 11 KWHRS 
MONTH = 4 . 6087 75 KWHRS 
MONTH — 5 . 5401. 08 KWHRS 
MONTH 6 6112. 98 KWHRS 
MONTH = 7 . 3468. 39 KWHRS 
MONTH = 8 3890. 77 KWHRo 
MONTH = 9 • 4470. 33 KWHRS 
MONTH = 10 . 7360. 6 5 kWHR 
MONTH = 11 . 6302. 2 KWHRS 
MONTH = 12 ; 8303. 6 5 KWHR 
TOTAL POWER = 74107 4 KWHRS 
YEAR• 6 
MONTH = 1 . 10169 K WHRS 
MONTH = 2 10106 KWHRS 
MONTH = 8598. 56 KWHRS 
MONTH 4 . 4991. 24 KWHRS 
MONTH = 5 ; 6042. 42 KWHRS 
MONTH = 6 . 4753. KWHRS 
MONTH = 7 . 3816, 75 KWHRS 
MONTH = 8 . 2501. 44 KWHRS 
MONTH 9 . KWHRS 
MONTH = 10 ; 57-53 . 7 7 KWHR 
MONTH = 11 . 7469 . 8 5 KWHR 
MONTH = 12 . 1054 5 KWHR 
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TOTAL POWER = 78009. 5 KWHRS 
EXCESS MONTHLY POWER ***** 
YEAR. 1 
MONTH = 1 1565. 06 KWHRS 
MONTH = 284W. 16 KWHRS' 
MONTH = 3 3087. 91 KWHRS 
MONTH 4 3076. 16 KWHRS 
MONTH = 5 995. 635 KWHRS 
MONTH = 6 869. 02 KWHRS 
MONTH — 7 1724 6 KWHRS 
MONTH = S 752. 024 KWHRS 
MONTH = 9 2226. 74 KWHRS 
MONTH = 10 1597. 5 KWHRS 
MONTH 11 4633. S3 KWHRS 
MONTH = 12 2061. 93 KWHRS 
TOTAL EXCESS POWER = 25433. 6 KWHRS 
YEAR; 2 
MONTH = 1 71 KWHRS 
MONTH = 2 3690 74 KWHRS 
MONTH = 2936 6 f-:WHRS 
MONTH = 4 5514 84 KWHRS 
MONTH = 5 1685 KWHRS 
MONTH 6 2811 KWHRS 
MONTH 7 1657 59 KWHRS 
MONTH S 671. ?15 KWHRS 
MONTH = 9 4387 65 KWHRS 
MONTH 10 4119 62! KWHRS 
MONTH = 11 3930 12 KWHRS 
MONTH = 12 6051 87 KWHRo 
TOTAL EXCESS POWER = 40012. 3 KWHRS 
YEAR. 
MONTH = 1 5267. 49 KWHR:: 
MONTH = 6164. 65 KWHRS 
MONTH = 6103. 05 KWHR; 
MONTH = 4 3286. 83 KWHR:" 
MONTH — 1878. KWHR: 
MONTH 6 2273. 04 K.WHR.': 
MONTH 7 2121. 99 KWHR': 
MONTH 8 1 119 01 KWHR:. 
MONTH 9 4008. KWHRS 
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MONTH = 10 
MONTH = 11 
MONTH = 12 
4829. 91 KWHRS 
6178. 59 KWHRS 
TOTAL EXCESS POWER = 48745 KWHRS 
YEAR. 4 
MONTH 1 7064 11 KWHRS 
MONTH = 2 5408. 87 KWHRS 
MONTH = 3 4728. 37 KWHRS 
MONTH = 4 4854 5 1 KWHRS 
MONTH = 5 2418. 29 KWHRS 
MONTH 6 3389. 66 KWHRS 
MONTH 7 2786- 52 KWHRS 
MONTH e 647. 096 KWHRS 
MONTH = 9 4695. 75 KWHRS 
MONTH = 10 3320. 22 KWHRS 
MONTH = 11 5309 88 KWHRS 
MONTH = 12 6615. 93 KWHRS 
TOTAL EXCESS POWER = 51239. 2 KWHRS 
YEAR. 
MONTH = 1 7428. KWHR: 
MONTH = 4645. 64 KWHR: 
MONTH = 3 4551. KWHR: 
MONTH = 4 4040. 03 KWHR: 
MONTH = 5 3065. 48 KWHR: 
MONTH 6 4282. 44 KWHR: 
MONTH = 7 2412. 76 KWHR: 
MONTH — S 1594. 56 KWHR: 
MONTH = 9 3329. 93 KWHR: 
MONTH = 10 5135. 13 KWHR: 
MONTH 11 5265. 14 KWHR: 
MONTH = 12 5813. 15 KWHR: 
TOTAL EXCESS POWER = 515 164. 1 KWI 
MONTH 1 7258. 78 KWHR 
MONTH = 9048. 07 KWHR 
MONTH 6205. 74 KWHR 
MONTH = 4 2841. 64 KWHR: 
MONTH = 5 3775. 25 KWHR: 
MONTH = 6 19 KWHR: 
MONTH = 7 2761 62 KWHR: 
MONTH = 371. 7 '53 KWHR: 
MONTH = 9 2180 55 KWHR: 
MONTH = 10 3745. 02 KWHR: 
MONTH = 11 6417 46 KWHR: 
MONTH = 12 7675. 81 KWHR: 
TOTAL EXCESS POWER = 55140. 9 KWHRS 
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